MRD 411- Site-specific Temperature Maps (at the Time of Sampling)

Data Product Overview

Executive Description

Temperatures of the sample site at the time of sampling will be predicted using the Asteroid
Thermal Model and sample-site thermal inertia derived from Recon phase data.

Overview

The temperature at the sample site during sampling is an important constraint on mission

design. Expected temperatures will be predicted using the Asteroid Thermal Model and the most
up-to-date physical information on the sample site (thermal inertia, Bond albedo, surface tilts,
etc).

Once all the inputs have been derived from Recon (or other) phase data, and once the sample-site
and TAG time have been decided, the thermal model will be run with these inputs to predict
temperatures.

The spatial resolution of the prediction is limited by the input data. The thermal inertia estimates
will have a resolution of ~5m. Bond albedo and surface tilts and topography will have higher
spatial resolution. We could predict temperatures at these higher resolutions, assuming constant
thermal inertia within each 5m spot.

Temperature predictions will be stored as a 2D map of the sample site, at the desired spatial
resolution (an input variable, not to be coarser than 5m). The file will include input parameters
and thermal model version number.

Supplemental information includes updates to the thermal inertia, shape, spin-state, bolometric
Bond albedo of Bennu from previous mission phases.

Temperature predictions are used for sample-site selection.

Data Product Structure and Organization

Predicted surface temperature and temperature at depth (in 25 depth bins to 8 times the thermal
skin depth) and uncertainties in the predictions will be stored as floating point arrays. These will
likely be 3-D (longitude, latitude, depth), but could also be mapped to surface facets of a shape
model of appropriate spatial resolution. There will be a single file for each potential sample site
observed in Reconnaissance phase.

Data Format Descriptions

Header data (metadata) to be included:



e Number of x and y bins in the array

o Start longitude, latitude ([1,1] element) of the array

o Longitude/latitude bin size

e UTC time of TAG

e Version / calibration set of OTES data used to produce thermal inertia inputs

« Bennu position relative to the Sun (distance, ecliptic longitude and latitude) during TAG

e Bennu position relative to the spacecraft (distance, ecliptic longitude and latitude) during
TAG

o Name/location of shape file used in model

« Name/version of thermal model used

o Name/location of Bond albedo map

o Bolometric emissivity used for model

e Log file name (a file of all inputs used to create this data product)

Detailed Description of Data Format:
Temperature Array

o Data type — three-dimensional floating point array
o Field 1: Predicted temperatures
o Field 2: Uncertainties associated with predicted temperatures

Data Product Generation

Predicted sample-site temperatures at the time of TAG are produced using the Asteroid Thermal
Model with inputs on physical properties of the surface from earlier mission phases. Basically,
the inputs are fed into the thermal model, and predicted temperatures are output.

Required inputs and formats are:

e Thermal inertia map of the sample-site
o floating point values
e Time of TAG event
o floating point value
e Location of each map facet on the shape model
o Latitude, Longitude, Radius, or some other mission-agreed-upon specification of
location on the surface
e Shape of Bennu
o Vvector-facet format of shape model
e RMS tilts of sample site
o floating point values
e Spin state of Bennu
o 3 floating point values: rotation period and ecliptic coords of spin pole
e Bennu position relative to Sun
o 3 floating point values: distance, ecliptic longitude and latitude relative to the Sun



e Bennu position relative to spacecraft

o 3 floating point values: distance, ecliptic longitude and latitude relative to the Sun
o Average bolometric Bond albedo or bolometric Bond albedo map of sample site

o single floating point value, or file of albedo for each facet in the shape model

Co-1 Emery has been assigned to this product

Multiple versions of the product may be produced. New versions would be produced if changes
occurred in: 1) any of the input parameters (e.g., thermal inertia, Bond albedo, shape model); 2)
the predicted UTC time of TAG; 3) predicted position of the spacecraft during TAG.

It will take 3 to 5 days to produce and validate the predicted temperatures, once all of the
required inputs from the Recon pass are available.

Data Product Validation

Validation of the predicted temperature maps will assume that the input data have alredy been
validated. The map contents will be validated by inspection for erroneous data values or obvious
positioning errors indicated by non-physical temperature variations. The maps will also be
examined by inspection to observe any data gores, which could indicate missing data or
unexpected exclusion of data through incorrect or overly limiting constraints. Each map will
also be compared with maps acquired at lower spatial resolution during the Detailed Survey
phase for consistency.

Data Flow

Required inputs will be imported from the SPOC data repository. These will be input to the
thermal model, which will use them to compute temperatures at each facet of the sample-site
map. The predicted temperature map will be deposited in the SPOC data repository.
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Standards Used to Generate Data Product

e All time will be in UTC.

e All temperatures will be in kelvin (K)

e Bennu longitude and latitude will conform to the OSIRIS-REX Project standard.

o Ecliptic coordinate system will be used for specifying Bennu’s position relative to the
Sun and spacecraft and for the orientation of the spin pole.

Final products will be stored as floating-point three-dimensional arrays.
Data Product Storage

If the maps were produced that the nominal OTES resolution, then each sample site ellipse map
would have a resolution of 4.2m (for 525m Recon pass), resulting in an approximately 6x6 pixel
map of floating point data and a data volume of approximately 20 Kbytes per map.

Observation Requirements

MRD-540 specifies the development of temperature maps with 3% accuracy with better than 5m
spatial resolution covering at least 80% of the sample ellipse. The relevant spot temperatures
will be obtained during Orbital B and Recon phases. In order to produce high-quality maps, the
spacecraft must be at the appropriate range, latitude, and longitude, given the spatial resolution
and accuracy requriements in the MRD, and spot measurements must densely cover (i.e., no
significant gaps) the surface.

Since these maps are used to estimate thermal inertia, mid-morning and mid-afternoon should be
avoided (temperature at these times are degenerate wrt thermal inertia). Close to noon is ok and
nighttime would be good. Early morning or late evening would be ok, but it would be best to not
be right at the terminator (shadows and rapid heating would compromise the solutions).



